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Objective
The authors review their initial experience with laparoscopic splenectomy in patients with
hematologic diseases. Efficacy, morbidity, and mortality of the technique are presented, and other
patient recovery parameters are discussed.

Summary Background Data
Laparoscopic splenectomy is performed infrequently and data regarding its safety and efficacy
are scarce. Factors such as a high level of technical difficulty, the potential for sudden, severe
hemorrhage, and slow accrual of operative experience due to a relatively limited number of
procedures are-responsible. The potential patient benefits from the development of a minimally
invasive form of splenectomy are significant.

Methods
Clinical follow-up, a prospective longitudinal database, and review of medical records were
analyzed for all patients referred for elective splenectomy for hematologic disease from March
1992 to March 1995.

Results
Laparoscopic splenectomy was attempted in 43 patients and successfully completed in 35
(81%). Therapeutic platelet response to splenectomy occurred in 82% of patients with immune
thrombocytopenic purpura and hematocrit level increased in 60% of patients with autoimmune
hemolytic anemia undergoing successful laparoscopic splenectomy. The morbidity rate was
11.6% (5 of 43 patients), and the mortality rate was 4.7% (2 of 43 patients). Return of
gastrointestinal function occurred in patients 23.1 hours after laparoscopic splenectomy and 76
hours after conversion to open splenectomy (p < 0.05). Mean length of stay was 2.7 days after
laparoscopic splenectomy and 6.8 days after conversion to open splenectomy (p < 0.05).

Conclusion
Laparoscopic splenectomy may be performed with efficacy, morbidity, and mortality rates
comparable to those of open splenectomy for hematologic diseases, and it appears to retain
other patient benefits of laparoscopic surgery.
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Although the variety and complexity of laparoscopic
surgical procedures have progressed at an extraordinary
rate over the last 5 years, relatively few reports of laparo-
scopic splenectomy have appeared. Several factors dis-
suade the inexperienced laparoscopic surgeon from per-
forming the procedure. The large and potentially com-
plex blood supply of the spleen creates the potential for
rapid, severe hemorrhage, especially when combined
with splenomegaly and thrombocytopenia often seen in
patients with hematologic diseases. The operative dissec-
tion also is made difficult by the remote location of the
spleen in the recesses of the left upper quadrant, as well
as the intimate relationships with surrounding organs
such as the colon, stomach, and pancreas. Technical op-
erative skills and equipment requirements for laparo-
scopic splenectomy are significantly greater than for
other laparoscopic procedures such as cholecystectomy
and appendectomy. These limitations have kept current
data regarding laparoscopic splenectomy essentially an-
ecdotal. 1-4
However, the potential advantages associated with the

development of a minimally invasive form of splenec-
tomy are considerable. Many patients with hematologic
disorders such as immune thrombocytopenic purpura
(ITP), thrombotic thrombocytopenic purpura, autoim-
mune hemolytic anemia, hereditary spherocytosis, and
others can be cured or their condition can be improved
by splenectomy.5 Avoidance of a major upper abdomi-
nal incision decreases postoperative pain and minimizes
impairment of pulmonary function, thereby decreasing
narcotic use and minimizing pulmonary complications,
duration of ileus, and length of postoperative stay.6-9
Many patients undergoing splenectomy for hematologic
diseases are undergoing treatment with corticosteroid or
chemotherapy regimens at the time of operation. These
agents are known to impair healing. Avoidance of large
incisions in patients who are intentionally immunosup-
pressed also may decrease the incidence of incisional
complications such as infection and dehiscence.

Refinements in operative technique and improve-
ments in equipment and instrumentation have occurred
since our initial report ofthe use oflaparoscopic splenec-
tomy in patients with ITP.3 Accrual of surgeon experi-
ence has shortened operative times while maintaining
the efficacy and complication rates associated with tradi-
tional splenectomy. This report details the preoperative
preparation and operative technique of laparoscopic
splenectomy and reviews the University of Maryland
Medical Center experience with laparoscopic splenec-
tomy in patients with hematologic diseases.

PATIENTS AND METHODS

Forty-seven patients with hematologic diseases were
evaluated for elective splenectomy from March 1992 to
March 1995. Four patients (9%) were excluded from
consideration for laparoscopic splenectomy. Three pa-
tients had severe splenomegaly with long axis length
greater than 25 cm, and one had a large splenic abscess
with splenomegaly. The remaining 43 patients comprise
the subject of this report. Demographic characteristics
and operative data were recorded prospectively in a lon-
gitudinal database. Statistical comparisons between pop-
ulation means were made using the independent sam-
ples' Student's t test. Values ofp < 0.05 were considered
significant.

All patients evaluated for elective splenectomy were

considered potential candidates for laparoscopic sple-
nectomy. Failure to respond to nonoperative medical
therapy or contraindication to prolonged corticosteroid
therapy was present in all cases. Absolute contraindica-
tions to laparoscopic splenectomy in this series included
portal hypertension, uncorrectable coagulopathy, and
splenic injury due to civilian trauma. Splenic abscess, se-
vere splenomegaly (long axis length greater than 20 cm),
splenic artery aneurysm, and ascites were considered rel-
ative contraindications. Thrombocytopenia alone was
not considered a contraindication to surgery.
The hematologic diagnosis and indication for surgery

were confirmed by the surgical team by review ofthe pa-
tient's peripheral blood smear, bone marrow aspirate,
and verification of clinical response to medical therapy
with the hematologist before operation.

Preoperative assessment of the size of the spleen was
performed in most cases, measuring the long axis length
of the organ. Abdominal computed tomography was
used most frequently because of the accuracy of size
measurements and the ability to detect parenchymal le-
sions such as abscesses and tumors. Radionuclide im-
aging and ultrasonography also were used to determine
splenic size in some patients.

Patients were thoroughly counseled before surgery re-

garding the consequences of the asplenic state and the
risk of postsplenectomy sepsis. Polyvalent pneumococ-
cal vaccine was administered at least 2 weeks before op-

eration in all cases, and preoperative Hemophilus in-
fluenzae vaccination also was given in some cases. Par-
enteral cefazolin was administered routinely for 24 hours
as antibiotic prophylaxis. Patients receiving therapeutic
doses of corticosteroids at the time of operation were

given parenteral steroid coverage in the perioperative pe-

riod.
Patients were evaluated on an individual basis for

transfusion of blood products in the perioperative pe-

riod. Preoperative platelet transfusions or immunoglob-
ulin treatments were given at the discretion of the refer-
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Figure 1. Operating port postions for laparoscopic splenectomy.

ring hematologist to minimize coagulopathy in prepara-

tion for surgery. Administration ofblood products in the
immediate perioperative period was dictated by the sur-

gical team in consultation with the anesthesiologist.
Routine intraoperative platelet transfusions were not
performed. Preoperative angiographic embolization of
the splenic artery was not used in this series.

OPERATIVE TECHNIQUE
Informed consent for surgery is obtained with the un-

derstanding that conversion to open splenectomy may

occur at the surgeon's discretion. After induction ofgen-
eral anesthesia and endotracheal intubation, a nasogas-

tric or orogastric tube is placed, a urinary drainage cath-
eter is inserted, and pneumatic compression stockings
are applied.

Operating room setup and patient positioning are sim-
ilar to that of other upper abdominal laparoscopic pro-

cedures. Two television monitors are placed at the head
of the table. The procedure may be performed either
with the patient in the supine position and the surgeon

standing at the patient's left or in the modified lithotomy
position with the surgeon standing between the patient's
legs. The modified lithotomy position is used routinely
because it is more comfortable and less awkward for the
right-handed surgeon. Both the first assistant and the
camera operator stand on the patient's right, with the
first assistant standing cephalad to the camera operator.
The scrub nurse stands at the foot of the table on the
patient's left side. Exposure ofthe spleen is facilitated by
use of relatively steep reverse Trendelenberg position
and elevation of the patient's left side, either by rotating
the table or placing a roll under the patient's left flank. A
300 angled laparoscope is used in all cases.

A carbon dioxide pneumoperitoneum of 12 to 15
mmHg is created using either closed or open laparos-
copy, as appropriate. A total of five 12-mm diameter op-
erating ports are used. Their location is shown in Figure
1. The laparoscope and video camera are inserted

through the umbilical port. The two upper midline ports
are used for retraction and exposure of the operative
field. The subxiphoid port is used for retraction of the
greater curvature ofthe stomach, and a second port mid-
way between the xiphoid and umbilicus is used for cau-
dal traction on the omentum and splenic flexure of the
colon. Two dissecting ports are placed in the left subcos-
tal region. These ports are positioned high (near the cos-
tal margin), laterally, and have at least 12 cm between
them for optimal dissection capabilities.
The procedure begins with a thorough search of the

peritoneal cavity for the presence ofaccessory splenic tis-
sue, focusing on the splenic hilum, tail of the pancreas,
and omentum. The small and large bowel mesentery and
pelvis also are inspected, including the pouch ofDouglas,
broad ligaments, and left inguinal ring.
The stomach and colon are retracted, allowing proper

exposure of the inferior pole of the spleen (Fig. 2). The
actual dissection begins at the medial aspect of the infe-
rior pole and proceeds in a cephalad direction. Small in-
ferior pole vessels are ligated using surgical clips or elec-
trocautery, although a linear stapling device may be
helpful if a large amount of soft tissue is present. The
avascular splenic ligaments purposefully are avoided
during the initial dissection because the lateral splenic
attachments provide natural counter-traction that assists
in exposure ofthe hilum.

After any small inferior pole vessels are ligated, the
splenic hilum is approached. The peritoneum overlying
the splenic vessels is opened, and blunt dissection is used
to determine the anterior and posterior extent ofthe hilar
structures. Proceeding cephalad, a plane posterior to the
hilum and anterior to the pancreas is developed carefully
with a blunt instrument such as as suction-irrigation
probe. Complete visualization of both the anterior and
posterior aspects of this hilar plane is achieved before li-
gation of the splenic vessels to avoid inadvertent injury
to the tail of the pancreas or greater curvature of the
stomach. The splenic artery and vein are ligated using a
3-cm linear laparoscopic stapler with a vascular cartridge
(Endo-GIA, Auto-Suture, Inc., Norwalk, CT; Fig. 3).
The hilum usually is ligated en masse with a single appli-
cation of the stapler, although the vessels may be indi-
vidually dissected and ligated if desired.

After control of the splenic hilum is achieved, dissec-
tion continues cephalad along the medial border of the
spleen, where the short gastric vessels are encountered.
Exposure is facilitated by medial traction on the greater
curvature of the stomach. Division of the left triangular
ligament of the liver usually is unnecessary. The short
gastric vessels are ligated in the same manner as the hilar
vessels, with blunt dissection and serial application ofthe
3-cm laparoscopic stapler until the spleen is detached
completely from the stomach and the diaphragm is en-
countered (Fig. 4). Because the spleen receives an end-
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A 750-mL nylon extraction bag (Cook Medical Inc.,
Bloomington, IN) is placed into the abdomen through
one of the operating ports. The bag is unfurled and the
spleen is maneuvered into the bag (Fig. 5). The draw-
string is grasped through the umbilical port, and the ex-
traction sack containing the specimen is elevated to the
abdominal wall. A final visual inspection of the perito-
neal cavity is carried out, and the pneumoperitoneum is
released. The umbilical operating port is removed and
the fascial incision at that site is enlarged to a length of 3
to 4 cm. The bag is pulled partially through the abdomi-
nal wall, and the spleen is fragmented through the open
end with scissors or the surgeon's finger to allow removal
of the specimen and extraction sack through the small
abdominal wall incision. If the pathologist requires an
intact specimen for diagnosis (such as for staging of

Figure 2. Initial exposure of the operative field for laparoscopic splenec-
tomy, achieved by medial traction on the greater curvature of the fundus
and caudal traction on the greater omentum and splenic flexure of the
colon.

arterial blood supply with no collateral flow, the extent
of devascularization of the organ can be monitored
effectively by observing the sharp line of demarcation
created as the dissection and ligation of vessels proceeds
up the medial border ofthe spleen.
Once the spleen is completely detached from its blood

supply, it is elevated to place tension on the lateral
splenic attachments, which are then sharply divided. The
spleen is removed from the left upper quadrant so that
irrigation and inspection of the bed ofthe spleen for he-
mostasis may be carried out. No drains are placed in the
splenic bed.

Figure 3. The hilar vessels are ligated with a 3-cm linear laparoscopic
stapler.
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Hodgkin's lymphoma), the umbilical fascial incision is
enlarged to a length of approximately 6 to 10 cm, which
will allow intact removal of all but the largest spleens
with the protection of the extraction sack. All operating
port incisions are closed under direct vision at the fascial _
level and sterile dressings are applied (Fig. 6).

RESULTS

Laparoscopic splenectomy was attempted in 43 pa-
tients and successfully completed in 35 patients (81%).
Conversion to laparotomy was necessary in 8 of43 (19%)
cases. Reasons for conversion include hemorrhage in all
eight cases and extensive adhesions because of prior sur- -l
gery in one case. Hemorrhage in converted cases oc- Figure 5. The spleen is placed into a 750-mL nylon bag in preparation for

extraction.

curred at the hilum (4 patients), short gastric vessels (2
patients), from extensive capsular tears (I patient), and
diffusely in one patient because of severe thrombocyto-
penia. Diagnoses in converted cases were ITP in five
cases, and hereditary spherocytosis, thrombotic throm-

V\ \ bocytopenic purpura, and splenic abscess in one case
each.

8 \k§\_0k Patient demographics are listed in Table 1. Thirty-
three patients (77%) were receiving therapeutic doses of

^;;wS , _> @ ; 1 corticosteroids at the time of surgery. Seven patients
(16%) received preoperative gamma-globulin infusions,
and five (12%) underwent plasmapheresis before opera-

tion. Indications for splenectomy are listed in Table
i p ,$.; fifll_>g2.Immune thrombocytopenic purpura was the most

common indication, being present in 22 of 43 patients
(5 1%). Other indications included autoimmune hemo-

& 4-A ,-,5-lytic anemia, hereditary spherocytosis, thrombotic
thrombocytopenic purpura, and secondary hypersplen-

Figure 4. Appearance of the spleen after complete vascular detach-
ment, before division of the lateral splenic attachments.

Figure 6. The appearance of the abdomen immediately after completion
of laparoscopic splenectomy.
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Table 1. PATIENT DEMOGRAPHICS

No. of patients 43
Age (yr) 43.6 (range 18-79)
Weight (kg) 73 (range 57.3-220)
Sex

Male 18(42%)
Female 25 (58%)

Corticosteroids* 33 (77%)
Gamma-globulin* 7 (16%)
Plasmapheresis* 5 (12%)

Number of patients receiving therapeutic treatment at the time of surgery.

ism. Three patients with underlying hematologic dis-
eases underwent splenectomy for other reasons-two for
persistent sepsis due to splenic abscess and one for meta-
static melanoma with the spleen as the only involved site.
Four patients who underwent splenectomy as part of
complete laparoscopic staging procedures for Hodgkin's
lymphoma also are included.
A positive therapeutic response to splenectomy oc-

curred in 18 of 22 patients (82%) with ITP. Timing of
platelet response occurred by discharge in 13 of 18 pa-
tients (72%), by 2 weeks after surgery in 4 of 18 patients
(22%), and by 2 months after surgery in 1 of 18 patients
(6%). Criteria for a positive response were defined as a
ratio of postoperative platelet count to preoperative
platelet count of 1.5 or greater, with an absolute platelet
count of greater than 100,000 mm-3, and no postopera-
tive requirement for corticosteroids or gamma-globulin
infusion. A positive response occurred in 14 of 17 pa-
tients with ITP (82%) undergoing laparoscopic splenec-
tomy and 4 of 5 patients with ITP (80%) undergoing con-
version to open splenectomy. The mean preoperative
platelet count in patients undergoing laparoscopic sple-
nectomy for ITP was 69,000 mm-3 (range, 15,000-
186,000). The mean postoperative platelet count was
198,000 mm-3 (range, 68,000-650,000). The mean ratio

Table 2. INDICATIONS FOR
LAPAROSCOPIC SPLENECTOMY

No. of
Indication Cases

Idiopathic thrombocytopenic purpura 22
Autoimmune hemolytic anemia 5
Hodgkin's lymphoma 4
Thrombotic thrombocytopenic purpura 3
Leukemia with hypersplenism 3
Hereditary spherocytosis 2
Splenic abscess 2
Systemic lupus erythematosis with hypersplenism 1
Metastatic melanoma 1

Table 3. PERIOPERATIVE CLINICAL
PARAMETERS

Laparoscopic Open

No. of patients 35 8
Operative time (hr) 2.4 (1.5-4.5) 3.5 (2-5.0)*
Estimated blood loss (mL) 475(150-2500) 1250 (300-2000)*
Return of gastrointestinal

function (hr) 23.1 (12-60) 76.0 (60-86)*
Postoperative length of stay

(days) 2.7 (1.5-10) 6.8 (4-14)-

p < 0.05 (independent samples t test).

of postoperative to preoperative platelet counts was 2.9
(range, 0.63-16.1). Mean length of follow-up in patients
with ITP was 21 months (range, 3-36 months). Acces-
sory splenic tissue was detected in 4 of43 patients (9.3%),
with up to six accessory spleens in one case. Accessory
splenic tissue was found in the greater omentum or near
the splenic hilum in all four cases.
A clinically significant improvement in hematocrit

level occurred in three of five patients (60%) undergoing
laparoscopic splenectomy for autoimmune hemolytic
anemia; these patients had a mean preoperative hemato-
crit level of 30.1% and postoperative hematocrit level of
41.6%. All three responses in patients with autoimmune
hemolytic anemia occurred within 30 days of surgery,
and the mean length of follow-up was 13.6 months
(range, 3-26 months). One of three patients with throm-
botic thrombocytopenic purpura had resolution of
thrombocytopenia. Both patients with hereditary sphe-
rocytosis showed cessation of hemolytic anemia and im-
provement in hematocrit level after splenectomy. Four
patients underwent splenectomy for secondary hyper-
splenism associated with chronic disease (chronic lym-
phocytic leukemia in 2, chronic granulocytic leukemia
in 1, and systemic lupus erythematosus in 1). Two ofthe
patients with leukemia (1 chronic lymphocytic leukemia
and 1 chronic granulocytic leukemia) had a significant
improvement in postoperative hematocrit level and
platelet count, but the other two did not.

Estimated blood loss was 475 mL (range, 150-2500
mL) after laparoscopic splenectomy and 1250 mL
(range, 300-2000 mL) in patients requiring conversion
to laparotomy (p < 0.05; Table 3). Hemodynamic de-
compensation occurred before conversion to laparot-
omy in one of eight patients who responded to volume
resuscitation. Estimated blood loss averaged 780 mL for
the first five cases in the series and 360 mL for the most
recent five cases. Five of the 43 patients (12%) required
blood transfusion; the mean transfusion was 2.4 units of
packed erythrocytes (range, 1-4 units). Transfusion was
required in 2 of 35 patients (6%) in whom laparoscopic
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splenectomy was successfully completed, and 3 of 8 pa-
tients (38%) converted to open splenectomy. One patient
undergoing successful laparoscopic splenectomy re-
ceived transfusion of 1 autologous unit of packed eryth-
rocytes at the discretion of the anesthesiologist, despite
an estimated blood loss of 300 mL and a preoperative
hematocrit level of 34%.
Mean operative time was 2.4 hours for laparoscopic

splenectomy (range, 1.5-4.5 hours) and 3.5 hours (range,
3.0-5.0 hours) in patients requiring conversion to lapa-
rotomy (p < 0.05). Staging procedures for Hodgkin's
lymphoma required an average of 3.8 hours to complete
(range, 1.5-5 hours). Operative times for these proce-
dures are considered separately because patients un-
derwent much more extensive procedures. Mean opera-
tive time for laparoscopic splenectomy decreased from
3.6 hours for the first five cases to 2.0 hours for the most
recent five cases.
Return ofgastrointestinal function as defined by toler-

ance of liquid or solid food occurred an average of 23.1
hours (range, 12-60 hours) after laparoscopic splenec-
tomy and 76 hours (range, 60-86 hours) in converted
patients (p < 0.05). Postoperative nasogastric tubes were
used routinely for the initial 17 cases in the series but
were omitted after that time. Diet was advanced as toler-
ated after evidence of bowel function. Mean length of
hospital stay was 2.7 days (range, 1.5-10 days) after lap-
aroscopic splenectomy and 6.8 days (range, 4-14 days)
after conversion to open splenectomy (p < 0.05).

Postoperative complications occurred in 4 of 35 pa-
tients (1 1.4%) undergoing laparoscopic splenectomy and
1 of 8 patients (12.5%) converted to open splenectomy.
Complications in the laparoscopic group included super-
ficial surgical site infection in one patient, wound seroma
in one patient, sympathetic left pleural effusion in one
patient, and recurrent atrial fibrillation in one patient
with a history of that arrhythmia. The wound infection
and wound seroma both occurred at the umbilical ex-
traction site, and both responded to wound opening and
dressing changes. The pleural effusion was treated suc-
cessfully with a single therapeutic thoracentesis. The pa-
tient with atrial fibrillation responded to pharmacologic
therapy, but postoperative length of stay was prolonged
to 10 days. No instances ofdeep space surgical infection
(intra-abdominal abscess) or postoperative hemorrhage
occurred in patients after successful laparoscopic sple-
nectomy. One patient converted to open splenectomy
developed a postoperative left subphrenic abscess. It was
successfully managed with computed tomography-
guided percutaneous drainage and parenteral antibiot-
ics.

Perioperative mortality occurred in 2 of 43 patients
(4.7%), both undergoing technically successful laparo-
scopic splenectomy. One death occurred in a patient
who underwent splenectomy for chronic lymphocytic

leukemia and initially recovered from the laparoscopic
surgery. Hospitalization was required for complications
of leukemia; the patient ultimately developed pneumo-
nia and expired on postoperative day 28. The second
perioperative death occurred in a 33-year-old woman
with primary pulmonary hypertension who underwent
laparoscopic splenectomy for ITP. She developed post-
operative sepsis with Staphylococcus aureus bacteremia,
presumed secondary to central venous catheter infec-
tion. Rapid clinical deterioration occurred and the pa-
tient expired on postoperative day 8.

DISCUSSION
For a laparoscopic surgical procedure to be accepted

as a legitimate surgical treatment option, several criteria
should be met. Most importantly, the laparoscopic pro-
cedure should have comparable efficacy and a complica-
tion rate equal to or lower than its open counterpart. The
ideal laparoscopic procedure also should be associated
with other benefits, such as reduced hospital stay, earlier
return to normal activity, less postoperative pain, im-
proved cosmesis, and lower total patient costs.

Laparoscopic splenectomy has the potential to fulfill
many of these requirements. These data indicate that
elective laparoscopic splenectomy for hematologic dis-
eases may be performed with efficacy, morbidity, and
mortality rates comparable to those ofopen splenectomy
for the same indications. Laparoscopic splenectomy pro-
duced a clinically significant platelet response in 82% of
patients with ITP in this series, which is consistent with
response rates of 62% to 83% quoted for open splenec-
tomy for ITP. 10-13 Response occurred in 72% ofITP pa-
tients by the time of discharge. Significant improvement
in hematocrit level was seen in 60% of five patients un-
dergoing laparoscopic splenectomy for autoimmune he-
molytic anemia, again consistent with response rates af-
ter open surgery.'4 Therapeutic responses also were seen
for other diseases such as hereditary spherocytosis,
thrombotic thrombocytopenic purpura, and hypersplen-
ism associated with leukemia. However, the number of
patients with these indications is too small to make defi-
nite statements regarding efficacy of laparoscopic sple-
nectomy.
The overall morbidity and mortality rates of 11.4%

and 4.7%, respectively, for laparoscopic splenectomy in
this series also are consistent with those of traditional
splenectomy. Recent large series of open splenectomy
for hematologic diseases quote morbidity rates of 13.5%
to 25% overall and 7.4% to 19% for patients with
ITP.10-'3"5'17 Mortality rates in those same series range
from 1.1% to 6%. Notably absent from the present data
are perioperative complications such as postoperative
hemorrhage, intra-abdominal abscess, and pulmonary
complications such as atelectasis and pneumonia. These

Vol. 224 * No. 1



26 Flowers and Others

results were obtained despite the fact that many patients
had risk factors for postoperative complications. Bleed-
ing diathesis due to thrombocytopenia or poor native
platelet function, immunosuppression from hemato-
logic malignancy and corticosteroid usage, and comor-
bid diseases such as diabetes mellitus, chronic obstruc-
tive pulmonary disease, and coronary artery disease
commonly were present.

Nonetheless, the possibility of serious complications
or death exists after splenectomy, regardless of the oper-
ative approach, as illustrated by the 4.7% mortality rate
oflaparoscopic splenectomy in this series. One perioper-
ative death occurred in a patient with chronic lympho-
cytic leukemia complicated by a blast crisis and pneu-
monia that occurred after recovery from laparoscopic
splenectomy and was probably unrelated to the proce-
dure. However, the other death occurred as a result of a
rapid and severe episode of gram-positive sepsis in the
early postoperative period, which must be assumed due
to the immunologic consequences of the asplenic state.
Thus, the incidence of overwhelming postsplenectomy
infection was 2.3% in this series. The incidence of over-
whelming postsplenectomy infection after open splenec-
tomy in adult patients is 1.9% to 4.2%.51'8

Assessment ofpatient benefits such as earlier return of
gastrointestinal function and decreased hospitalization
after laparoscopic splenectomy is difficult in the absence
of a control group of patients undergoing open splenec-
tomy. Patients undergoing conversion to laparotomy
cannot serve as legitimate controls because intraopera-
tive hemorrhage and other factors responsible for con-
version may affect their postoperative recovery. Despite
the lack of a control group for comparison, analysis of
postoperative patient outcome data among laparoscopic
patients in this series reveals some interesting trends.

Average return of gastrointestinal function occurred
less than 24 hours after completion of laparoscopic sple-
nectomy. Most patients were able to tolerate a regular
diet the day after surgery. Only 3 of 35 patients (9%) had
postoperative ileus for more than 48 hours. Nasogastric
tubes were used routinely early in the series to avoid post-
operative gastric distention and the possibility ofhemor-
rhage from the short gastric vessels. The practice was dis-
continued when it became apparent that nasogastric out-
puts were routinely low and active bowel sounds were
present the morning after surgery. Vomiting or gastric
distention did not develop in any patient, and no patient
required postoperative insertion ofa nasogastric tube.

Nearly all patients were ambulatory the morning after
surgery and sometimes as soon as 8 hours postopera-
tively. Several patients were physically capable of dis-
charge within 48 hours of operation but required pro-
longed hospitalization until evidence of stable hemato-
logic parameters was present. Mean length of stay after
laparoscopic splenectomy was more than 4 days shorter

than for converted cases (2.7 days vs. 6.8 days, p < 0.05).
Hospital stay averaged 7.4 days for the last ten open sple-
nectomies performed at the University of Maryland
Medical Center.
Normal activity in this series was defined as resump-

tion of usual household activities, driving an automo-
bile, and return to previous employment. Most patients
were capable of these activities between postoperative
days 10 and 14. Three patients (9%) returned to work
within 7 days of surgery. No patient undergoing uncom-
plicated successful laparoscopic splenectomy required
more than 21 days for recovery, regardless of profession.
These results appear to be an improvement over recov-
ery after laparotomy.
Formal objective analysis of postoperative pain in pa-

tients undergoing laparoscopic splenectomy was not per-
formed. Patients often required parenteral narcotics or
patient-controlled analgesia for 24 to 36 hours, as after
other major laparoscopic procedures. Pain was con-
trolled routinely with oral oxycodone/acetaminophen
by the third postoperative day, and few patients required
the use of oral narcotics beyond postoperative day 7.
Some patient outcome variables such as operative

time and intraoperative blood loss were affected by early
inexperience and improved over time. During the initial
cases in this series, attention was focused on developing
a standardized operative technique and successfully
completing the procedure. A learning curve of approxi-
mately 20 cases was completed before all members ofthe
operating team were equally comfortable and facile. In
general, the first 20 patients had longer operative times
and hospital stays, greater blood loss, and a more cau-
tious attitude toward resumption of postoperative activ-
ity. These observations are supported by the fact that op-
erative times decreased from 3.6 to 2.0 hours and esti-
mated blood loss decreased from 780 mL to 360 mL
between the first five and last five laparoscopic splenec-
tomies in the series. The mean estimate blood loss of475
mL is consistent with that of open splenectomy for he-
matologic diseases.'7 Preoperative angiographic emboli-
zation of the splenic artery has been advocated to de-
crease intraoperative blood loss during laparoscopic sple-
nectomy.'9 Angiographic embolization was not used in
this series to avoid the cost and potential morbidity (ab-
dominal pain, contrast allergy, hemorrhage, thrombosis)
associated with the procedure.

Patient outcome also may have been affected by pa-
tient selection and composition of the surgical team.
Laparoscopic splenectomy was attempted without re-
gard to body habitus and spleen size, unless severe sple-
nomegaly was present. There was no attempt to select
patients with normal-sized spleens, normal platelet
counts, or lack ofcomorbid diseases. The procedure was
performed successfully in patients up to 220 kg in weight
and for spleens up to 24 cm in length and 1.7 kg in
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weight. There was no correlation between the possibility
of conversion to laparotomy and indication for surgery,
spleen size, or preoperative platelet count or hematocrit
level. The only variable that seemed to correlate with
conversion to laparotomy was surgeon experience, al-
though statistical significance was not achieved. In seven
of the eight patients converted to laparotomy, the oper-
ating surgeon had performed fewer than five laparo-
scopic splenectomies.
A number of incentives exist to encourage the wide-

spread use oflaparoscopic splenectomy. The physiologic
advantages of laparoscopic cholecystectomy (less post-
operative pain, decreased postoperative impairment of
pulmonary function, shorter duration of postoperative
ileus, and more rapid return to normal activity) should
be transferable to laparoscopic splenectomy because
both are upper abdominal procedures in which the gas-
trointestinal tract is not entered and extensive dissection
and manipulation of surrounding tissues usually is un-
necessary. More rapid recovery in this immunosup-
pressed population may decrease the incidence of com-
plications related to immobility and pulmonary toilet,
such as deep venous thrombosis, atelectasis, and pneu-
monia. Patients requiring adjuvant chemotherapy or ra-
diotherapy for treatment of hematologic malignancies
such as lymphoma may begin treatment sooner than af-
ter laparotomy. Some data also suggest that the degree of
physiologic stress and suppression of immune function
may be less after laparoscopy than laparotomy.20-26 The
financial implications of a shorter hospitalization and
more rapid return to employment are obvious and will
become more important with time.
The widespread performance of laparoscopic splenec-

tomy has been delayed by several factors. Laparoscopic
splenectomy is a technically demanding operation that
requires a surgeon and assistants skilled in advanced lap-
aroscopic techniques. Unlike cholecystectomy, splenec-
tomy is performed relatively infrequently by the average
general surgeon and thus, operator experience is gained
more slowly. Qualified assistants and preceptors are not
always readily available, and not all hospitals are com-
mitted to the training and capital resources necessary to
successfully perform advanced laparoscopic procedures.
The technical difficulty oflaparoscopic splenectomy is

increased even further by coagulopathy or splenomegaly,
both ofwhich commonly are present in patients with he-
matologic diseases. A technical error during control of
the hilar vessels can result in rapid, life-threatening hem-
orrhage, and the operating team must be prepared for
immediate laparotomy at all times. This is evident from
the 19% rate of conversion to laparotomy in this series,
which is higher than for other laparoscopic procedures,
such as cholecystectomy and appendectomy. Possible
explanations for the relatively high conversion rate in-
clude the fact that cases constituting the learning curve

for the attending surgeons were included, and that pa-
tients were not selected for favorable anatomic condi-
tions such as a normal-sized spleen, lack of obesity, nor-
mal platelet counts and function, and no prior upper ab-
dominal surgery. The conversion rate is likely to
decrease as additional experience is gained.
A potential criticism of laparoscopic splenectomy is

the inability to detect the presence of accessory splenic
tissue.4 Although the overall visualization afforded by
video laparoscopy is excellent, there are inherent limita-
tions in the technology. The lack oftactile sensation and
difficulty with retraction and exposure ofthe retroperito-
neum make detection of small objects such as accessory
spleens difficult. Accessory spleens often are freely mo-
bile and may be buried in omental fat or covered by
bowel loops or mesentery; they are especially difficult to
find in obese patients. Laparoscopic detection of acces-
sory splenic tissue is further hindered by the fact that the
accessory spleens may be multiple and occur nearly any-
where in the abdomen or pelvis. Accessory spleens are
found in approximately 1 1% to 18% ofpatients undergo-
ing splenectomy for hematologic disease, and were de-
tected in 9.3% ofpatients in this series.27 No patients with
ITP in this series have experienced recurrent thrombo-
cytopenia after an initial therapeutic response.

Currently available methods for the detection ofacces-
sory splenic tissue during laparoscopic splenectomy in-
clude a thorough abdominal exploration under laparo-
scopic guidance, preoperative technetium 99m or in-
dium 11 1 scintiscans, and laparoscopic ultrasonography.
Laparoscopic detection ofaccessory spleens is facilitated
by a knowledge oftheir typical locations. The most com-
mon sites are (in decreasing order of frequency): the hi-
lum and vascular pedicle of the spleen, tail of the pan-
creas in the retroperitoneum, greater omentum near the
greater curve ofthe stomach, small and large bowel mes-
entery, left broad ligament in females, pouch ofDouglas,
and near the left testis in males. Each of these areas is
thoroughly examined at the beginning of the procedure.
Early exploration ensures that this important step is not
omitted and also allows optimal visualization before
small blood clots and irrigant obscure the operative field.
The lesser sac, tail ofthe pancreas, and greater omentum
are checked a second time during irrigation and inspec-
tion of the splenic bed, after removal of the spleen from
the left upper quadrant. Technetium 99m or indium 11 1
scintiscans have been used to detect accessory splenic tis-
sue, but limited data exist for patients before splenec-
tomy. l1,27,28 False-positive and false-negative results have
been reported;27 scintiscans most commonly are used
postoperatively in patients with recurrent thrombocyto-
penia. They were not performed in this series to avoid
additional costs. The development of a laparoscopic iso-
tope detector probe would allow intraoperative use of
scintiscanning and may improve laparoscopic detection
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of accessory spleens. Laparoscopic ultrasound probes
currently are being evaluated for this purpose and may
prove to be more sensitive than visual exploration. Long-
term follow-up in larger numbers ofpatients is necessary
to determine the efficacy oflaparoscopic detection of ac-
cessory splenic tissue.

Extraction ofthe specimen can be a significant techni-
cal challenge during laparoscopic splenectomy. Normal-
sized spleens and those with mild or moderate enlarge-
ment are managed relatively easily by insertion into a
750-mL nylon extraction sack and sectioning within the
bag before its removal. This maneuver allows extraction
through a 3-cm midline incision. Protected extraction
also guards against the possibility ofsplenosis due to frag-
mentation of the spleen during removal. Larger speci-
mens (> 20-cm length) and those that require removal
intact for an accurate pathologic diagnosis are- managed
by creation of a 6- to 10-cm midline incision above the
umbilicus. Virtually all specimens can be removed
through an incision of this size, and the advantages of a
minimally invasive approach appear to be preserved. No
differences in postoperative recovery were noted among
patients requiring a larger (6-10 cm) incision for re-
moval ofan intact spleen.

Laparoscopic splenectomy is a technically difficult but
feasible procedure that may be performed in patients
with hematologic diseases with efficacy, morbidity, and
mortality rates similar to those of traditional splenec-
tomy for the same indications. The procedure appears to
be associated with other patient benefits such as rapid
return of gastrointestinal function, less postoperative
pain, shorter hospitalization, and more rapid return to
normal activity, but further prospective data will be nec-
essary to confirm these observations.
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